WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
C07C 17/20, 19/10, 19/08 



Al 



(11) International Publication Number: WO 99/52844 

(43) International Publication Date: 21 October 1999 (21. 10.99) 



(21) International Application Number: PCT/US99/06868 

(22) International Filing Date: 30 March 1999 (30.03.99) 



(30) Priority Data: 

09/058,071 



9 April 1998 (09.04.98) 



US 



(71) Applicant: ALLIEDSIGNAL, INC. [US/US]; 101 Columbia 
Road, P.O. Box 2245, Morristown, NJ 07962-2245 (US). 

(72) Inventors: VAN DER PUY, Michael; 3 Exeter Road, Amherst, 
NY 14221 (US). EIBECK, Richard, Elmer; Apartment 18, 
3340 W. Highway 89, Sedona, AZ 86336 (US). MADHA- 
VAN, G., V., Bindu; 1 15 Himalaya Drive, Monroeville, PA 
15146 (US), HSUEH, Sung, Tung; 16 Vassar Drive, Get- 
zville, NY 14068 (US). ELLIS, Lois, Anne, Short; 35 James 
Road, Orchard Park, NY 14127 (US). 

(74) Agents: CR1SS, Roger, H. et al.; AlliedSignal Inc., Law 
Dept. (Amy Olinger), 101 Columbia Road, P.O. Box 2245, 
Morristown, NJ 07962-2245 (US). 



(81) Designated States: JP, KR, European patent (AT, BE, CH, CY, 
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, 
SE). 



Published 

With international search report. — 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: PROCESS FOR THE PREPARATION OF l-CHLORO-l,l,3,3,3-PENTAFLUOROPROPANE 
(57) Abstract 

The invention relates to the preparation of l-chloro-l,l,3,3,3-pentafluoropropane (HCFC-235fa), useful as an intermediate in the 
production of 1,1,1,3,3-pentafluoropropane (HFC-245fa). The invention further relates to a process for the preparation of HFC-245fa 
comprising reacting HCFC-235fa with hydrogen in the presence of a reduction catalyst wherein the said HCFC-235fa is prepared by 
reacting CCI3CHCCI3 with hydrogen fluoride in the presence of fluorination catalyst in either the liquid phase or the vapor phase. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdte d* I voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







3NSDOCID: <WO 9952844A1_I_> 



1 



WO 99/52844 PCT/US9 9/06868 



PROCESS FOR THE PREPARATION OF l.CHLORO-l,l,3,3,3-PENTAFLUOROPROPANE 

FIELD OF THE INVENTION 

This invention is related to the preparation of fluorine containing ~" 
5 hydrohalocarbons. Specifically, it relates to the manufacture of 1-chloro-l, 1,3,3,3- 
pentafluoropropane (referred to in the art as HCFC-235fa) in the presence of a 
fluorination catalyst either in the liquid phase or vapor phase. HCFC-235fa is useful as an 
intermediate in the production of 1,1, 1,3,3 -pentafluoropropane (referred to in the art as 
HFC-245fa). 

1 0 The invention also relates to a process for the preparation of 1, 1, 1 ,3,3- 

pentafluoropropane comprising the step of producing 1-chloro-l, 1,3,3,3- 
pentafluoropropane by reaction of CCI3CH2CCI3 with hydrogen fluoride in the presence of 
a fluorination catalyst either in the liquid phase or the vapor phase. 

BACKGROUND OF INVENTION 

IS Fluorine containing hydrohalocarbons are of current interest due to their potential 

to replace ozone depleting chlorofiuorocarbons, which are used in a variety of applications 
including refrigerants, propellants, blowing agents, and solvents. Both HCFC-235fa and 
HFC-245fa are known to be useful as blowing agents. HFC-245fa has physical properties, 
including a boiling point of about 14°C, that makes it particularly attractive as a blowing 

20 agent, refrigerant or propellant. Its ability to function in a manner similar to CFC-1 1 

(CCI3F, b.p. 24°C), a well known aerosol propellant at the time, was noted by Smith and 
Woolf in U.S. Patent No. 2,942,036 (1960). European Patent Application EP 381 986 
also states (using a generic formula) that CF3CH2CF2H may be used as a propellant or 
blowing agent. The use of HFC-245fa as a heat transfer agent is also mentioned in JP 

25 02/272,086 (Chem. Abstr. 1991, 114, 125031q). 
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Previously, CF 3 CH 2 CF 2 C1 has been prepared by a liquid phase reaction of 
1,1, 1,3,3, 3-hexachloropropane with HF in the presence of a catalyst, as disclosed in 
EP 0 522 639. 

Commonly assigned U.S. Patent No. 5,728,904 discloses the preparation 
5 CF3CH2CF2CI by fluorination of CC1 3 CH 2 CC1 3 with HF in the presence of either TiCU or 
SnCU catalysts, followed by reduction to HFC-245fa. 

The preparation of CF 3 CH 2 CF 2 C1 by the BF 3 -catalyzed addition of HF to 
CF 3 CH=CFC1 is also known (R.C. Arnold, U.S. Patent 2,560,838; 1951). The source of 
CF 3 CH=CFC1 was not disclosed. 

10 HFC-245fa was first made by the reduction of CF3CCI2CF2CI over a palladium 

catalyst (Smith and Woolf, U.S. Patent 2,942,036, 1960). Materials exiting the reaction 
zone include CF 3 CH 2 CHF 2 , CF 3 CH=CF 2 , CF 3 CC1=CF 2 , and unreacted starting material. 
The desired CF3CH2CF2H was formed in yields up to about 60%, but the source of the 
starting material was not disclosed. 

1 5 Reduction of 1 , 1 , 1 ,3,3-pentafluoropropene was disclosed by Kminyants et al. 

(Chem. Abstr., 1961, 55, 349f). The yield of pentafluoropropane was 70%. 

Burdon et al., J. Chem. Soc, C, 1969, 1739 disclose the formation of 
CF3CH2CF2H, in low yield, during the elemental fluorination of tetrahydrofuran. 

Commonly assigned U.S. Patent No. 5,574,192 discloses the fluorination of 
20 CCI3CH2CHCI2 with HF/SbCl 5 to produce HFC-245fa. 

It is an object of this invention to provide a means of preparing 1-chloro- 
1, 1,3,3, 3 -pentafluoropropane that is economical and amenable to large scale, using readily 
available raw materials. 
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It is a further object of this invention to provide a means of manufacturing 
1,1,1,3,3-pentafluoropropane comprising reacting CF 3 CH 2 CF 2 C1 with hydrogen in the 
presence of a reduction catalyst wherein the said CF 3 CH 2 CF 2 C1 is prepared by reacting 
CC1 3 CH 2 CC1 3 with hydrogen fluoride in the presence of a fluorination catalyst in either the 
5 liquid phase or the vapor phase. 

It is a further object of this invention to provide a means of manufacturing 
1,1,1,3,3-pentafluoropropane comprising the following steps: 

1) the formation of CC1 3 CH 2 CC1 3 by the reaction of CCU with vinylidene chloride; 

2) the conversion of CC1 3 CH 2 CC1 3 to CF 3 CH 2 CF 2 C1 by reaction with hydrogen 
10 fluoride (HF) in the presence of a fluorination catalyst either in the liquid phase or in the 

vapor phase; and 

3) reduction of CF 3 CH 2 CF 2 C1 to CF 3 CH 2 CF 2 H. 

Each step is conducted under process conditions, i.e., temperature and pressure, sufficient 
to produce the desired product as discussed herein. 

15 DETAILED DESCRIPTION 

The telomerization of vinylidene chloride by reaction with CCI4, is known in the art 
and has been studied in some detail. The telomerization reaction produces compounds of 
the formula CC1 3 (CH 2 C1)„C1, where n varies as needed for the products desired. The 
telomerization of vinylidene chloride can be initiated by several means, but initiation with 

20 metal salts, particularly of copper, has distinct advantages for the process of this invention. 
The copper salts are believed to initiate the reaction by first reacting with CCU, to produce 
a trichloromethyl radical which then combined with vinylidene chloride, initiating the 
telomerization (see for example, Assher and Vofsi, J. Chem. Soc, 1961, 2261 for a 
discussion of the mechanism). The copper salts also terminate the telomerization by 

25 chlorine atom transfer to the growing radical chain. Thus, the chain lengths are shortened 
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considerably, compared to e.g., peroxide initiated telomerizations. For the reactions of 
interest here, telomers having 3 to 9 carbon atoms are obtained in excellent yield. Some 
control of the telomer distribution is feasible by controlling the reaction conditions, 
notably the ratio of CCLj to vinylidene chloride and the type of copper salt used (see for 
5 example Belbachir et al., Makromol. Chem. 1984, 185, 1583-1595). Thus, it is possible to 
obtain CC1 3 CH 2 CC1 3 with very little higher molecular weight telomers (see Example 1). 

A variety of catalysts have been used in telomerization processes. To a large 
degree, many of these telomerization catalysts, including mixtures thereof, can be 
equivalent, and the choice of catalyst depends on cost, availability, and solubility in the 

10 reaction medium. For the telomerization reaction of this invention, it was discovered that 
salts of copper and iron are preferred. Overall, for the reaction of interest here, the more 
preferred catalysts are cuprous chloride, cupric chloride, or mixtures of the two or 
cuprous iodide. The amount of catalysts used in the telomerization reaction is at least 
about 0. 1 mmol, and preferably, about 0. 1 to about 50 mmol, per mole of saturated 

15 halogenated hydrocarbon (e.g., CCU or CCI3CH2CCI3) used. At very low concentrations, 
the reaction rate may be unacceptably slow, and very high catalyst concentrations may be 
wasteful due to the fact that the solubility limit may have been reached at even lower 
catalyst to CCU, ratios. Consequently, the more preferred amount of catalyst is about 1 to 
20 mmol, per mole of saturated halogenated hydrocarbon. 

20 It is also noted that a co-catalyst can be used in the telomerization process. 

Amines may be employed as co-catalysts, preferably in concentration of 1 to 10 moles per 
mole of metal catalyst (i.e. copper salt). Such amine co-catalysts include alkanol amines, 
alkyl amines and aromatic amines, for example ethanolamine, butyl amine, propyl amine, 
benzylamine, pyridine and the like. 

25 The ratio of CCU to vinylidene reactant will substantially alter the degree of 

polymerization, i.e. average value of n for compounds of the formula CC1 3 (CH 2 C1) II C1 . 
Thus, for example, if the desired product has only one more -CH 2 CC1 2 - unit than the 
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starting material, the ratio of CCU (or CC1 3 CH 2 CC1 3 ) to vinylidene chloride should be 
relatively high (at least about 2, and preferably, about 2 to 5), so that higher molecular 
weight telomers are minimized. If the desired product has two or more -CH 2 CC1 2 - units 
than the starting material (e.g., CC1 3 (CH 2 CC1 2 ) 2 C1 from CCU), smaller ratios of CCL, to 
5 vinylidene chJoride (about 0.3 to 1) should be used. The same rationale is used for a ~ 
system employing vinylidene fluoride. 

Useful temperatures for the telomerization reaction range from about 25°C to 
about 225°C, preferably about 80°C to about 170°C, so that, depending on reactant 
concentrations and catalyst activity, convenient reaction times will vary from a few hours 
10 to about one day. More preferred temperatures are in the about 125°C to about 140°C 
range. 

Finally, a variety of solvents can be used. Any solvent which is inert to the 
reactants and the desired product can be used. Illustrative of such are acetonitrile, 
dimethylsulfoxide, dimethylformamide, tetrahydrofiiran isopropanol, and tertiary butanol. 

15 We prefer acetonitrile due to its low cost, stability, easy recovery via distillation, and 
ability to dissolve sufficient amounts of inorganic catalyst salts. Primarily for the latter 
consideration, the amount of solvent is preferably from about one fourth to two thirds of 
the total volume, and more preferably one third to one half of the total volume. 
Otherwise, the amount of dissolved catalyst may be relatively low, or the output of 

20 product per run will be adversely affected due to a dilution effect. 

In the second step, CC1 3 CH 2 CC1 3 is fluorinated to provide CF 3 CH 2 CF 2 C1. We 
have found that pentavalent antimony halides catalysts may be used to fluorinate 
CC1 3 CH 2 CC1 3 to provide CF 3 CH 2 CF 2 C1 , but a critically narrow set of operating 
conditions, particularly with respect to temperature, mole ratio of HF to organic and 
25 catalyst concentration, must be employed to avoid over-fluorination. At high catalyst 

concentrations and/or high reaction temperatures the rate of the fluorination step is rapid, 
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but selectivity declines to an unacceptable level The higher the temperature, the more 
over-fluorinated product, CF 3 CH 2 CF 3 (referred to in the art as HFC-236fa), is produced. 

Due to the temperature required, about 50°C to about 100°C, preferably from 
about 60°C to about 95°C , most preferably about 65°C to about 90°C, the reactions are 
5 conducted under pressure. The pressure may be controlled by release of by-product HC1, 
during the reaction process in order to provide a margin of safety if needed depending on 
the limitations of the equipment being used. We have found it convenient to operate at 
pressures of about 50 to about 500 psig. The upper limit for pressure is generally a 
limitation of the available equipment. The reactor consisted of a stirred autoclave fitted 

10 with a packed column attached to a condenser maintained at about 0°C to about -20°C. 
Excess pressure (HC1) is vented through a valve at the top of the condenser into a 
scrubber. At the end of the heating period, the product and remaining HF are vented 
through a valve on the autoclave head, which in turn is connected to an acid scrubber and 
cold traps to collect the product. Under-fluorinated materials, such as CF 2 C1CH 2 CF 2 C1 

15 may be recycled along with CC1 3 CH 2 CC1 3 in subsequent batch runs. The process may also 
be conducted in a continuous mode by removing a product stream at a rate equal to the 
rate at which the reactants are continuously fed into the reactor. 

The mole ratio of HF to organic should be about 4/1 to about 20/1, preferably 
about 5/1 to about 9/1. Since over-fluorinated material, CF 3 CH 2 CF 3 , is generally not 

20 desired, it is more advantageous to allow more under-fluorinated material (which can be 
recycled) in the crude product. Over-fluorinated product is kept low by smaller 
HF/organic ratios and lower reaction temperatures. In a batch mode, reaction time is also 
an important parameter to keep low over-fluorination. Under batch mode conditions, the 
reaction times range from about one to about 25 hours, preferably from about one to 

25 about ten hours, most preferably from about one to about five hours, and can be 
monitored by the rate of pressure (HC1) increase. 
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Pentavalent antimony halides are commercially available. Antimony pentachloride 
(SbCl 5 ) is most preferred because of its low cost and availability. Some catalyst 
deactivation is observed with SbCl 3 , which is attributed generally to the formation of Sb 
(HI) halides. Thus, chlorine is used as a co-feed in continuous liquid phase fluorination 
5 reactions to maintain the antimony in the +5 oxidation state. Pentavalent antimony mixed- 
halides of the formula SbCIJFj-n where n is 1 to 5 tend to be created in situ upon reaction 
with HF and are also preferred. The fluorination catalysts used in this invention preferably 
have a purity of at least about 97%. Although the amount of fluorination catalyst used 
may vary widely, we recommend using from about 5 to about 13 mol%, preferably about 
10 6 to about 12 moI%, most preferably from about 7 to about 1 1 mol%, relative to 
CCI3CH2CCI3 

The difficulty in conducting the fluorination of CCI3CH2CCI3 so as to obtain chiefly 
CF3CH2CF2CI can be appreciated by the fact that with HF alone (no fluorination catalyst) 
relatively low yields of the desired CF 3 CH 2 CF 2 C1 were obtained, the reaction affording 
15 primarily under-fluorinated products. With a liquid fluorination catalyst (SbF 5 ), a high 
yield of over-fluorinated product, CF 3 CH 2 CF 3 , was obtained (see Examples 2 and 3). 

For example, using SbCl 5 as the catalyst at a concentration of 1 mol% (relative to 
CCI3CH2CCI3) and a reaction temperature of 100°C, the ratio of products was 43.3% 
CF3CH2CF2CI and 54.5% C3H2CI2F4 after 50 hours. By increasing the catalyst 

20 concentration to 5 mol%, a similar product distribution was achieved in 15 hours at the 
same temperature. By increasing the concentration of catalyst even further to 8.5 mol%, 
the product distribution was 51.4% CF 3 CH 2 CF 2 C1 and 44.1% C3H2CI2F4 at a lower 
reaction temperature of 79°C . In each of the above cases, the amount of CF3CH2CF3 was 
below 3%. However, further increasing the catalyst concentration to 16.7 mol% and 

25 lowering the temperature to 56°C , did not prevent the formation of a substantial (8.5%) 
amount of the over-fluorinated product, CF 3 CH 2 CF 3 . Thus, mole ratios (relative to 
organic) of about 13 to 18% resulted in unacceptable amounts of over-fluorinated 



BNSDOCID: <WO 9952844A1 J_> 



WO 99/52844 



PCI7US99/06868 



8 



product, while concentrations below about 5 mole % are less preferred due to reduced 
productivity. Good results were obtained at SbCl 5 concentrations of about 10 mole %. 

Vapor phase fluorination reactions also may be used successfully. Reaction 
temperatures range from about 100°C to about 400°C , more preferably from about 
250°C to about 350°C . Suitable vapor phase catalysts principally include those based on 
chromium and aluminum salts and oxides (e.g. chrome oxide and aluminum fluoride) 
which may be modified with varying amounts of other transition metal salts and oxides 
such as those of manganese, nickel, cobalt, and iron. Thus, acceptable catalyst 
formulations may include, for example, mixtures of Cr 2 0 3 /A]F 3 /CoCl 2 , Cr 2 0 3 /NiO/CoCl 2 , 
Cr 2 0 3 /Al 2 0 3 , Cr 2 0 3 /A1F 3 , Cr 2 0 3 /carbon, CoCyCrjCVAfeOs, NiCfe/Cr^a/AlaQs, 
CoCl 2 /AlF 3 and NiCl 2 /AlF 3 . It is to be appreciated that the composition of the catalyst 
may change (e.g. undergo fluorination) during the initial fluorination process which will 
achieve a steady state composition after some time of operation. Such catalysts are 
conveniently handled in pelletized form (commonly 1/8 " pellets). Chrome (HI) oxide, 
supported or by itself, is the preferred catalyst. 

The HF and hexachloropropane (HCC-230f) feeds are adjusted to the desired mole 
ratio, which preferably ranges from about 3:1 to about 100:1; more preferably from about 
4: 1 to about 50: 1 and most preferably from about 5: 1 to about 20: 1 . 

Reaction pressure is not critical and can be superatmospheric, atmospheric or 
under vacuum. The vacuum pressure can be from about 5 torr to about 760 torr. 

During the fluorination reaction, HCC-230f and HF are reacted in a vapor phase 
with the fluorination catalyst. The reactant vapor is allowed to contact the fluorination 
catalyst for from about 1 to about 120 seconds, preferably from about 1 to about 50 
seconds, more preferably from about 1 to about 30 seconds. For purposes of this 
invention, "contact time" is the time required for the gaseous reactants to pass through the 
catalyst bed assuming that the catalyst bed is 100% void. 
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Before each use, the catalyst is preferably dried, pretreated and activated. It may 
also be advantageous to periodically regenerate the catalyst after prolonged use while in 
place in the reactor. Pre-treatment can be done by heating the catalyst to about 250 °C to 
about 430°C in a stream of nitrogen or other inert gas. The catalyst may then be activated 
5 by treating it with a stream of HF diluted with a large excess of inert gas in order to obtain 
high catalyst activity. Regeneration of the catalyst may be accomplished by any means 
known in the art such as, for example, by passing air or air diluted with inert gas over the 
catalyst at temperatures of from about 100°C to about 400°C, preferably from about 
200°C to about 375°C, for from about 8 hours to about 3 days, depending on the size of 
10 the reactor. 

In the last step, CF 3 CH 2 CF 2 C1 is reduced to 1,1,1,3,3-pentafluoropropane. The 
reduction can be conveniently accomplished in a continuous flow system by passing 
vapors of CF3CH2CF2CI, along with hydrogen, over a reduction catalyst. Certain olefinic 
by-products of the fluorination step, e.g., CF 3 CH=CF 2 , also will be reduced to provide 
15 CF3CH2CHF2. 

Reduction catalysts include nickel, palladium, platinum and rhodium, which are 
usually supported on inert materials, such as carbon or alumina. These catalysts are 
available commercially and generally can be obtained having about 0.5 to about 20% by 
weight of the metal on the support material. More commonly, a loading of about 0.5 to 
20 about 5% weight percent is employed. Examples include 1% palladium on activated 

carbon granules and 0.5% platinum on 1/8" alumina pellets. The more preferred catalyst 
is palladium due to its lower cost compared to either platinum or rhodium. 

While it is most convenient to operate to atmospheric pressure, this is not required. 
Both subatmospheric pressures or pressures up to about 100 atmospheres may be used, 
25 the latter especially in batch operations. 
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In the hydrogenation step it may be preferable to utilize a solvent, such as 
methanol, ethanol and acetic acid. A base may also be beneficial to neutralize the HC1 
produced. Any neutralizing agent can be used, e.g., sodium hydroxide, potassium 
hydroxide, sodium acetate and sodium carbonate. 

Useful temperatures for vapor phase reductions range from about 100°C to about 
350°C, a more preferred range is from about 150°C to about 250°C. 

Based on reaction stoichiometry, the required ratio of hydrogen to organic is 
about 1 mole of hydrogen per mole of organic. From about 1 to about 50 times the 
stoichiometric ratio may be used. A ratio of about 2 to about 30 times the stoichiometric 
amounts can be used with satisfactory results. 

The most desirable conditions for the reduction will vary and will depend, in part, 
on the activity of the catalyst (which depends on the type of metal used, its concentration 
on the support material, and the nature of the support material), and the contact or 
residence time in the reactor. Residence times may be adjusted by changing the reaction 
temperature, the catalyst volume, 'and the flow rates of hydrogen and/or organic material 
to be reduced. Useful contact times range from about 0.1 sec to about 2 minutes. In the 
present case, more preferred contact times range from about 10 to about 40 seconds at 
about 200°C to about 225°C and atmospheric pressure. 

In the reduction of CF 3 CH 2 CF 2 C1 at atmospheric pressure and at temperatures of 
about 100°C to about 325°C, both CF 3 CH 2 CF 2 H and CF 3 CH 2 CF 2 C1 are generally present 
in the reactor effluent stream. The ratio of CF 3 CH 2 CF 2 H to CF 3 CH 2 CF 2 C1 increases with 
increasing reaction temperature. Continuous operation at high temperatures ( > 250°C) is 
not very advantageous, due to potential gradual loss of the original catalyst activity. 
Consequently, the preferred method to achieve relatively high conversions of 
CF 3 CH 2 CF 2 C1 to CF 3 CH 2 CF 2 H is to increase the contact time, or equivalency, to recycle 
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the product stream until the desired conversion is obtained. After separating the desired 
CF 3 CH 2 CF 2 H from CF 3 CH 2 CF 2 C1, the CF 3 CH 2 CF 2 C1 may be fed into the reactor again. 

Example 1 - Preparation of CCliCH^CCh 

A Teflon-lined, magnetically stirred autoclave (575 mL capacity) was charged with" 
5 150 mL CC14, 150 mL CH 3 CN, 0.51g CuCl and 0.51g CuCl 2 dihydrate. The autoclave 
was closed and evacuated briefly. Vinylidene chloride (57.7g, 0.595 mol) was added via 
syringe and a rubber septum over a ball valve on the autoclave. The autoclave was then 
pressurized with nitrogen to 20 psig at room temperature. The mixture was heated over 
1.75 h to 150°C and maintained at 150°C for 2 h. The stirrer speed was maintained at 350 

10 rpm. After cooling the autoclave and contents to about 15°C, the contents were removed, 
diluted with 400 mL water, and the organic layer separated. The aqueous layer was 
extracted with 50 mL methylene chloride, and the combined organic layers washed with 
1 00 mL brine. After drying (Na 2 S0 4 ), the organic layer was concentrated by rotary 
evaporation to give 140.4 9 crude product. Distillation at 2.7 mm Hg gave 1 14.3g 

15 CC1 3 CH 2 CC1 3 , b.p. 63-65°C (77% yield based on vinylidene chloride added). Its purity by 
GC analysis was 99.97%. 1H NMR (CDC1 3 ): singlet at 4. 17 8. 

Example 2 - Fluorination of CCUCH^CCl* with HF alone 

An autoclave was charged with 64 g (0.25 mole) CC1 3 CH 2 CC1 3 and 81 g (4.05 
mole) HF and heated to 100°C for 22 hours. The major volatile products, identified by 
20 GC-MS analysis, were C^H 2 Cl 2 F^ C 3 H 2 C1 3 F 3 , and C 3 H 2 Cl4F 2 isomers, along with some 
olefinic by-products. Note that no monochloro isomers were produced. 

Example 3 - Fluorination of CCUCH<>CCl* with HF and SbF^ 

A magnetically stirred autoclave fitted with a condenser maintained at -10°C was 
charged with 7.6 g SbF 5 (0.035 mole) 64 g (0.255 mole) of CC1 3 CH 2 CC1 3 , and 100 g (5.0 
25 mole) of HF. The contents were then heated to 125 ° for 18 h. During the heating period, 
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pressure in excess of 400 psig was periodically vented to an aqueous KOH scrubber which 
was attached to two cold traps maintained at -78°C . At the end of the heating period , 
the remainder of the contents were slowly vented. The cold traps contained 33.4 g of 
colorless liquid which consisted of 97.9% CF 3 CH 2 CF 3 and 0.5% CF 3 CH 2 CF 2 C1. 

5 Example 4 - Liquid phase fluorination of CCUCB^CO^ 

An autoclave was charged with 1 mole CC1 3 CH 2 CC1 3 , 0.97 mol SbCi 5 and 7.55 
mol HF, and heated for 1 hour at 52-72°C , 0.5 hour at 72-82°C and finally 2 hours at 80- 
82°C . The operating pressure varied from 100 to 300 psig (periodic venting of HC1). 
The crude product consisted of 76.7% CF 3 CH 2 CF 2 C1, 4% CF 3 CH 2 CF 3 and 14.7% 
10 C 3 H 2 C1 2 F 4 . The catalyst was then regenerated for the next batch by bubbling chlorine gas 
into the autoclave and stirring for 2 hours. 

Example 5 - Continuous liquid-phase fluorination process with HF/SbClg 

In a typical liquid phase fluorination process, operating in a continuous mode, 
about 182 Kg of antimony pentachloride catalyst is charged to a 50 gal reactor. The 

15 reactor temperature is raised to 85°C . Reactants are then continuously fed into the 
reactor at the following rates: CC1 3 CH 2 CC1 3 , 25.2 Kg/h; HF, 15 Kg/h; Cl 2 , 0.68 Kg/h. 
The reactor pressure is maintained at about 150 psig by venting the product stream 
through a condenser, as was done in Example 3. The product stream consists of HCFC- 
235fa (l-chloro-l,l,3,3,3-pentafluoropropane), HFC-236fa (1,1,1,3,3,3- 

20 hexafluoropropane), 1,1,3,3,3-pentafluoropropene, HF, HC1 and other minor amounts of 
organic by-products. The HC1, HF and residual chlorine are removed from the product 
stream by passing the effluent stream through a caustic scrubber. The acid-free product 
stream contains 60% HCFC-235fa, 10% HFC-236fa and 25% 1,1,3,3,3- 
pentafluoropropene. 
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Example 6 - Vapor pha se Quorjnation of CCUCH,CCU 

In a typical run, a reactor of 1" diameter MONEL pipe is used. About 132 g 
(about 1.33 g/cc bulk density) chromium (EQ) oxide was charged to the reactor. The 
catalyst was dried and pretreated with HF before use. The reactor is preheated to the 
reaction temperature while anhydrous HF is fed into the reactor at atmospheric pressure" 
The organic feed (CC1 3 CH 2 CC1 3 ) was started when reactor reached 250°C . The HF and 
organic feeds were then adjusted to the desire rates. The HF/organic mole ratio is kept at 
about 7-8 to 1. The effluent product stream was analyzed by using an in-line GC. The 
product stream is fed to a caustic scrubber and the organic product mixture is collected. It 
contains about 50% HCFC-235fa, 20% HFC-236fa, 25% 1,1,3,3,3-pentafluoropropene 
and other minor amounts of organic by-products. 

Example 7 - Reduction of CFiCH>CF->Cl at 200°r 

The reactor used in this Example consisted of an electrically heated glass column 
containing a catalyst bed comprised of a mixture of 10 cc 1% Pd on activated carbon (4-8 
mesh) and 15 cc glass helices. Hydrogen was passed over the catalyst at 140 cc/min and 
CF 3 CH 2 CF 2 C1 was introduced at a rate of 2.25 g/h. The reaction temperature was 200°C. 
The material exiting the reactor was collected in a cold trap and consisted of 
approximately 1/3 CF 3 CH 2 CF 2 H and 2/3 unreacted CF 3 CH 2 CF 2 C1 by GC analysis. The 
single pass yield was about 33%. 

Example 8 - Reduction of CF^CH,CF,CI at 225°C 

Example 7 was repeated, except that the reaction temperature was increased to 
225°C. The volatile material which collected in the cold trap consisted, by GC analysis, of 
51% CF 3 CH 2 CF 2 H. The remainder was primarily unreacted CF 3 CH 2 CF 2 C1. Distillation 
gave CF 3 CH 2 CF 2 H, b p. 14°C. The recovered CF 3 CH 2 CF 2 C1 was recycled to provide 
additional CF 3 CH 2 CF 2 H. 
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Example 9- Reduction of CFiCH?CF?CI at room temperature 
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An autoclave was charged with a solution of lOg KOH in 60 mL methanol, 0.5g 
1% Pd on carbon, and 25g (0. 1 5 mol) CF 3 CH 2 CF 2 C1. Stirring was begun and the 
autoclave pressurized to 250 psig with hydrogen. After 20 hours, the contents were 
cooled to 0°C and excess hydrogen was bled off The remaining volatile organic material 
was then transferred to a cold receiver under vacuum. Distillation of the crude material so 
obtained gave CF3CH2CHF2. The yield was greater than 80%. 

Example 10 - Reduction of the product stream from the fluorination of 
CCUCH?CCh with HF/SbCU operating in a continuous mode 

About 1 lb. of Pd/alumina catalyst is packed into a 2" x 4' MONEL 
hydrogenation reactor. The acid-free product stream (about 100 lbs) obtained from 
Example 6 is fed to the hydrogenation reactor at a rate about 0. 1 Ib./hour along with a 
hydrogen feed of about 30 liters/hr. The temperature in the reactor, operated at 100 psi, is 
about 150°C . The exiting stream is passed through a caustic scrubber to remove HC1. 
Subsequently, the stream exiting the scrubber is fed into a 2" diameter distillation column. 
The distillation is conducted in a batch mode. HFC-245fa is isolated with > 99% purity. 
The single pass yield is about 72% based on HCFC-235fa. Unreacted HCFC-235fa can be 
recycled to improve overall yield. 
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What is Claimed is: 

1 . A process for the preparation of CF 3 CH 2 CF 2 C1 in the liquid phase comprising 
fluorinating CCI3CH2CCI3 with hydrogen fluoride in a mole ratio of hydrogen fluoride 
to organic of about 4/1 to about 20/1 in the presence of about 5 mol% to about 13 

5 mol% of a pentavalent antimony halide fluorination catalyst of the formula SbClJFs^ ~ 

where n is 1 to 5 wherein the fluorination reaction is conducted at a temperature of 
about 50°C to about 100°C. 

2. The process of claim 1 wherein the fluorination catalyst is SbCl 5 . 

3. The process of claim 1 wherein the fluorination catalyst is present in an amount of 
10 from about 7 mol% to about 1 1 mol% relative to CC1 3 CH 2 CC1 3 . 

4. The process of claim 1 wherein the reaction is conducted at about 75°C to 
about 95°C. 

5. The process of claim 1 wherein the reaction is conducted in a pressurized reactor at a 
pressure of about 50 to about 500 psig. 

15 6. A process for the preparation of CF 3 CH 2 CF 2 C1 comprising contacting CC1 3 CH 2 CC1 3 
with hydrogen fluoride in the vapor phase in the presence of a fluorination catalyst. 

7. The process of claim 6 wherein the reaction is conducted at about 100°C to about 
400°C. 

8. The process of claim 6 wherein the molar ratio of hydrogen fluoride to CC1 3 CH 2 CC1 3 
20 is about 3 : 1 to about 1 00: 1 . 

9. The process of claim 6 wherein the molar ratio of hydrogen fluoride to CC1 3 CH 2 CC1 3 
is about 5:1 to about 20:1. 

10. The process of claim 6 wherein the contact time is from about 1 to about 120 seconds. 
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11. The process of claim 6 wherein the contact time is from about 1 to about 30 seconds. 

12. The process of claim 6 wherein the fluorination catalyst is a transition metal salt, a 
transition metal oxide or a mixture thereof. 

13. The process of claim 12 wherein the fluorination catalyst is a chromium oxide, an 
5 aluminum fluoride or a mixture thereof. 

14. The process of claim 13 wherein the fluorination catalyst is modified with an oxide or 
a salt of a transition metal selected from the group of manganese, nickel, cobalt, iron 
and mixtures thereof. 

15. The process of claim 14 wherein the fluorination catalyst is selected from the group 
10 consisting of Cr 2 0 3 /AlF 3 /CoCl 2 , Cr 2 0 3 /NiO/CoCl 2 , C^CVAfeOa, C^CVAlFs, 

Cr 2 (Vcarbon, CoCfe/CrzCVAfeOs, NiCl2/Cr 2 0 3 /Al 2 03, CoCl 2 /AlF 3 and NiCh/AlFa. 

16. The process of claim 6 wherein the fluorination catalyst is chrome (HI) oxide. 

17. The process of claim 1 or 6 further comprising the step of recycling materials 
produced other than CF 3 CH 2 CF 2 C1. 

15 18. The process of claim 1 or 6 wherein the reaction is conducted in a continuous mode. 

19. The process of claim 1 or 6 wherein the CC1 3 CH 2 CC1 3 is prepared by reacting CCL* 
with vinylidene chloride. 

20. The process for the preparation of 1,1, 1,3,3 -pentafluoropropane comprising reacting 
CF 3 CH 2 CF 2 C1 with hydrogen in the presence of a reduction catalyst wherein the said 

20 CF 3 CH 2 CF 2 C1 is prepared by the process of claim 1 or 6. 
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